Catheter-directed therapy (CDT) for pulmonary embolism (PE) is considered as an alternative to systemic thrombolysis (ST) in patients with hemodynamically unstable acute PE who are considered at high bleeding risk for ST. We aimed to evaluate the efficacy and safety of CDT in the management of acute PE with right ventricular dysfunction (RVD). The primary outcomes were mortality, clinical success, and complications. Secondary outcomes were change in hemodynamic parameters in the first 24 hours following the procedure.
Background
Pulmonary embolism (PE) may cause acute life-threatening right ventricular dysfunction (RVD) [1] . The severity of PE is an estimate of PE-related mortality [2, 3] . Systemic thrombolysis (ST) is the mainstay in the management of patients with massive and submassive PE with RVD [3] [4] [5] . However, a considerable proportion of patients with acute PE cannot receive ST because of contraindications [4] . Catheter-directed therapy (CDT), to recanalize occluded pulmonary arteries, is accepted as an alternative to ST when emergency surgical thrombectomy is unavailable [6, 7] . Increasing evidence suggests CDT is a safe and effective treatment for acute PE [6] [7] [8] [9] . However, current knowledge on efficacy and safety of CDT in management of submassive PE is limited [7, 8] . Moreover, a close follow-up study exploring the acute changes in hemodynamic parameters after the procedure is not available in the current literature. In the present study, we aimed to evaluate the efficacy and safety of CDT in the management of acute PE with RVD in a group consisting of both patients with massive PE and patients with submassive PE. The primary outcomes were mortality, clinical success, and complications; the secondary outcomes were change in hemodynamic parameters in the first 24 hours after the procedure.
Material and Methods

Study population
We conducted a retrospective study enrolling consecutive patients diagnosed with acute massive or submassive PE with accompanying RVD and treated by immediate CDT at our institution from January 2007 to January 2014 [2, 3] . Patients were eligible for CDT if they had massive or submassive PE and evidence of contraindication to ST. PE was initially diagnosed by pulmonary angiography, echocardiography, or ventilation-perfusion computed tomography (CT) scan. Patients' medical records were reviewed for baseline characteristics including symptoms, vital signs, risk factors, electrocardiography, transthoracic echocardiography, follow-up data, laboratory tests including biomarkers of RVD and myocardial necrosis, procedures, and the outcome data (mortality, cause of death, minor and major complications, management of complications, hemodynamic parameters) at first admission and during the follow-up period. Patients were followed by hospital visit and/or phone contact after discharge. Excluded from the study were patients with nonmassive or chronic PE; patients receiving anticoagulant therapy; and patients who received fibrinolytics at first admission, required a treatment escalation because of hemodynamic and clinical instability, and underwent CDT. The local ethical committee at the Faculty of Medicine, Uludağ University, approved the protocol of the study.
Outcomes and definitions
Acute PE refers to a PE event with associated symptoms that lasts no longer than 14 days. Massive and submassive PEs were defined as described previously [3] . RVD was defined as the presence of 1 or both of the following criteria: (a) right ventricular (RV) dilatation or RV systolic dysfunction on echocardiography, (b) RV dilatation on CT [3] . None of the patients received fibrinolytics before the intervention.
The primary outcomes were mortality, clinical success, and complications. In-hospital mortality and 30-day mortality were recorded. Clinical success was defined as stabilization of hemodynamic parameters, resolution of hypoxia, and survival from PE [10] . Major and minor bleedings were defined as described previously [11] .
Secondary outcomes were change in hemodynamic parameters: the change in systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), oxygen saturation (SaO 2 ), and shock index (the ratio of HR to SBP), measured at first admission and compared with measurements the following second, eighth, and 24 th hours of the intervention were analyzed [12, 13] . Patients' hemodynamic parameters were monitored hourly during hours 0 to 12, every 2 hours between 12 th and 24 th hours, and every 6 hours after the procedure. RVD was assessed by a cardiologist on echocardiography. Mean pulmonary artery pressure (PAP) was estimated by transthoracic echocardiography at first admission and 28±4 hours after catheter-directed intervention.
Catheterization procedure and treatment details
Under local anesthesia, a 5F sheath was inserted through the right common femoral vein with ultrasound guidance. 5F pigtail (Cook, Bloomington, USA) or angled (Picard) catheters guided with a 0.035-inch hydrophilic guide wire (Terumo, Tokyo, Japan) were used to catheterize the main pulmonary artery trunk. After measuring the PAP, pulmonary angiography was performed to identify the thrombus ( Figure 1A) . Then, the F sheath was exchanged via hydrophilic guide wire to an 8F/10F introducer sheath (Flexor Sheath, Cook Medical, Bloomington, USA). The introducer sheath positioned in the main or one of the right or left pulmonary artery. Sidearm of the sheath was connected to a heparinized saline flush (4000 IU heparin/1000 cc normal saline), infused at 15 cc/h. Before aspiration, 5 mg alteplase diluted in 20 cc saline injected slowly into the thrombus. The total alteplase dose varied depending on the interventionist's discretion and the patient's condition. Afterward, a guide catheter (100 cm-6F-Envoy, or 8F MPA-1Vista Brite Tip Cordis) was used for thrombus aspiration. A 20-mL syringe with a luer-lock connector was used to apply suction while moving the guide catheter slowly back and forth over several centimeters within the clot ( Figure 1B ). After several passes, control low-dose contrast injections were performed. If total or partial recanalization was achieved, we switched to another obstructed segment. The procedure was considered clinically successful when the subsegmental branches became visible behind recanalized pulmonary artery segments with an improvement in hemodynamic parameters without major complications (such as a perforation of the pulmonary vascular or cardiac structures, tamponade, or death) [9, 14] . Pulmonary angiography was performed routinely before and 24 hours after the procedure ( Figure 1C , 1D).
Statistical analyses
Statistical analyses were performed using the IBM SPSS Statistics for Windows 22.0 software program (Armonk, NY, IBM Corp, USA). The variables were investigated using visual (histograms, probability plots) and analytical methods (Shapiro-Wilk test) to determine distribution. Descriptive analyses were presented using medians and interquartile range (IQR, 25-75) and mean plus or minus standard deviation (±SD) for the nonnormally and normally distributed ordinal variables, respectively. Categorical variables were reported as proportions and 95% confidence intervals (CIs). For group comparisons, Pearson's chi-square test was used for categorical variables, and the Mann Whitney-U test was used for continuous variables. Hemodynamic parameters between baseline and postprocedure were compared using the Wilcoxon rank test. Two-tailed statistical significance level was considered as 5%, and unadjusted P values were reported.
Results
Study population
During the study period, 15 acute PE patients with RVD (6 with massive PE and 9 with submassive PE) having a mean age of 54±17 years who had consecutively undergone immediate CDT were enrolled in the study. Clinical characteristics of enrolled patients are presented in Table 1 . PE was diagnosed by spiral CT angiography in 93.3% (n=14) patients; high-probability perfusion scans in 6.7% (n=1) patients. PE was also verified by pulmonary angiograms in all patients before CDT. Preexisting comorbid diseases in the study group were cardiovascular disease (40%), malignancy (20%), diabetes mellitus (6.7%), hypertension (6.7%), chronic renal failure (6.7%), chronic obstructive pulmonary disease (6.7%), and ulcerative colitis (6.7%). Median length of stay was 11 [IQR, 25-75; 9-17] days.
Treatment details and technical complications regarding CDT
Mean rt-PA dose per patient was 30±10 mg, and total dose applied was higher for patients with massive PE than for patients with submassive PE (37±7 mg vs. 24±10 mg; P=0.034, respectively). Technical complications related with the procedure were recorded in 2 patients, both as hematoma in the femoral puncture site, and neither patient required blood transfusions. Clinical and procedural characteristics, as well as safety and efficacy outcomes of the patients, are summarized in Table 2 . Of those 15 patients with relative or absolute contraindications to ST, 4 (26.7%; 95% CI, 12.2-51.9) received either mechanical thrombectomy or thrombus aspiration, and 11 (73.3%; 95% CI, 48.0-89.1) received CDT in addition to mechanical thrombectomy or thrombus aspiration ( Table 2) .
Outcomes
In-hospital mortality and 30-day mortality rates were 13.3% (95% CI, 3.7-37.9) and 20% (95% CI, 7.0-45.2), respectively ( Hemodynamic parameters SBP, DBP, HR, shock index (SI), and SaO 2 significantly improved within 24 hours after the CDT procedure ( Figure 2) . Notably, recovery started in the first 2 hours and was significantly evident in all hemodynamic parameters in the first 8 Subgroup analyses revealed significantly higher improvement in SBP and SI in patients with massive PE vs. submassive PE but no evidence of significant difference in DBP, HR, and peripheral capillary oxygen saturation (SpO 2 ; Figure 2 ).
Discussion
In the present study, CDT for patients with acute PE with RVD rapidly improved hemodynamic parameters and was free of major fatal bleeding. Because current data for efficacy and safety of CDT in patients with submassive PE is limited, we observed that mortality, clinical success, complication rates, and hemodynamic improvement profile did not differ markedly between patients with massive or submassive PE.
CDT options include thrombus fragmentation and various thrombectomy methods that can be performed with no or lowdose local thrombolytic [15] . Currently, there is no agreement on the indications and the optimum technique for CDT [6, 16] . CDT is recommended as an alternative to ST in the presence of contraindications, ST failure, or an alternative if surgery is unavailable in high-risk PE [2] . The American Heart Association extends these recommendations to patients with submassive PE with adverse prognostic clinical evidence [3] . Acute PE is related with a poor prognosis for short-and long-term survival [17] . Our in-hospital mortality rate was 13.3%, slightly less than the 15.7% reported by Chechi [7] . We detected that PE was responsible for 50% (1/2) of the in-hospital deaths (95% CI, 9.4-90.5), whereas PE was responsible for the vast majority (2/3, 66.7%; 95% CI, 20.8-93.8) of the 30-day mortality. One of the patients who died of PE had had a massive PE and had received a pharmacomechanical thrombectomy. The second patient who died of PE had had a submassive PE and had not received thrombolytics. Although we achieved clinical stabilization in the first 24 hours after CDT, this patient died of a recurrent PE during hospitalization. Of note, both of these patients also had cancer. Even though these patients underwent immediate CDT, this finding emphasizes the suggestion that PE-related events seem to be responsible for the majority of early mortality [1] . We think one possible explanation for high PE-related mortality observed may be the high coexistence of malignant and cardiovascular disease (20% and 40%, respectively) in our study population. Cancer and congestive heart failure have been identified as prognostic factors affecting mortality in PE [1, 18, 19] .
Overall clinical success achieved with CDT was quite high (93.3%) in our study, consistent with the pooled clinical success rate reported as 86.5% [10] . Similar to PERFECT trial results, clinical success rates achieved in our study were 83.3% for massive PE and 100% for submassive PE [8] . On the other hand, Skaf and colleagues demonstrated that administration of local thrombolytics, in addition to mechanical thrombectomy and aspiration, improved clinical success rate from 81% to 95% in another systematic review [20] . There were no technical complications such as perforation of a cardiac/vascular structure, tamponade, or procedure-related death in our study. Interventionalist experience is known to inflence the technical success [21] . The high success rate in our study may be a result of all procedures being performed by the same experienced interventionalist. Another explanation may be that more than half of the catheter intervention group (60%) included submassive PE patients, among whom clinical success expectancy is high. Furthermore, 73% of the CDT group received local thrombolytic infusion with mechanical thrombectomy, which may have a role in the increased success rate of the procedure.
Thrombolytic therapy carries the risk of major bleeding including intracranial hemorrhage [22, 23] . The rate of major hemorrhage with ST administration was 20% to 22% [1, 22, 24] . Because of high bleeding risk, alternative revascularization strategies safer than ST are required. The rate of major complications due to CDT was 6.7%, and there was no recorded fatal bleeding. Eid-Lidt and colleagues observed a major bleeding rate of 11.1% following percutaneous mechanical thrombectomy in massive PE, and Chechi reported a rate of 7.8% [7, 14] . The minor and major complication rate of CDT were reported as 7.9% and 2.4%, in a recent meta-analysis [10] . Although, major bleeding rate observed in our study is consistent with previous reports, minor bleeding rate is higher than reported (26.7%). We think that bleeding rates in our study should be interpreted with caution. In this study the only reason for a patient to undergo the CDT procedure was the presence of an absolute/relative contraindication for ST. Despite present relative contraindication for ST, almost three-quarters (73.3%) of our study group recieved local thrombolytic (mean dose of 30±10.5 mg) and did not develop major fatal bleeding.
As the presence of RVD is an important determinant of the adverse clinical outcome, these patients are considered to be candidates for early reperfusion therapy [25, 26] . However, the role of thrombolytic therapy in patients with submassive PE is controversial. Fibrinolytic therapy improves clinical outcome and prevents hemodynamic decompensation and clinical deterioration in submassive PE patients [27, 28] . In addition to ST, the efficacy of the CDT techniques in the management of patients with submassive PE is also a subject of interest [7, 8, 29] . Mortality rates, major and minor bleeding complications, and clinical success rate did not differ between massive and submassive PE patients in our study. The only major but nonfatal bleeding event was observed in a patient with submassive PE treated by pharmacomechanical thrombectomy, but it should be kept in mind that interpretations of our study are limited because of the small number of patients.
One of the most striking results of our study was a dramatic early hemodynamic improvement starting from the second hour after CDT. Significant improvement was evident in all hemodynamic parameters in the first 8 hours, followed by a continued recovery in 24 hours after the procedure (Figure 2) . Interestingly, hemodynamic response was similar between patients with massive or submassive PE, except a marked significant improvement in SBP and SI in massive PE cases ( Figure 2 ). Percutaneous CDT frequently combining mechanical thrombus reduction modalities with local thrombolysis offers a rapid relieving in hemodynamic burden of PE [16, 30] . This early improvement with CDT may be explained by successful trombus debulking, rapid recanalization of a central occlusion, and relieving RVD [2, 31] . Mohan and colleagues reported a significant hemodynamic improvement after the first 24 hours after CDT [9] . Early improvement seems to have a prognostic importance; Zeni and colleagues found that 15 of 17 patients treated with rheolytic thrombectomy who were able to survive in the first 24 hours after the procedure were all alive at a 19-month follow-up visit [32] .
Few limitations should be noted regarding our study. This study reflects our real-life practice in the management of massive/ submassive PE patients with clinical evidence of adverse prognosis. Despite expert recommendation on integration of CDT into the PE treatment algorithm, there is lack of controlled randomized prospective studies and official treatment indication [10, 33] . Although data collection was retrospective, our medical records including hemodynamic data were strict and reliable. In order to prevent selection bias, all CDT performed patients were enrolled consecutively. Essentially, clinical success rate of CDT was reported to be similar in prospective and retrospective studies [10] . All procedures were performed by the same experienced interventional radiologist. Unfortunately, full-spectrum echocardiography parameters were not available for echocardiographic assessments in some of the patients, so the improvement in RVD was assessed after the procedure. Even though pulmonary angiograms were performed, Miller scores were not recorded, and we were unable to report Miller scores of the patients.
